A response of lymphocytes in the neonatal period is different from that in later stages, and a capa-N (N city for cellular immunity is reduced in infants with intrauterine growth retardation (IUGR) [6] . Although immune response of newborn infants is largely dependent on the intrauterine life, the relation between gestational age and lymphocyte activity has not yet been well established.
To elucidate how the intrauterine life affects the immune response of neonates and at which moment those aberrant responses return to normal, we have studied spontaneous and phytohaemagglutinin (PHA)-induced blastogenesis of circulating lymphocytes from neonates and adults.
(Experiment 1) Spontaneous blastogenesis of lymphocytes (SBL) from neonates was always greater than that of adults and the addition of autologous or homologous plasma did not affect their blastogenesis, suggesting that the greater responsibility of lymphocytes is an intrinsic characteristic [12] . However, the effect of monocytes could not be excluded, since monocytes are present in the lymphocyte culture. Then we depleted monocytes from mononuclear leucocytes (MNL) fraction and tested their effect on the lymphocyte blastogenesis. (Experiment 2) gestational age and mean birth weight was 3189 gm (ränge 2845 to 3980 gm). Eighteen out of 40 low birth weight infants (LBW) were below the third percentile of weight for #ge (IUGR), whose gestational age ranged from 35 to 42 weeks and mean birth weight was 1913 gm (ränge 1430 to 2425 gm). The other 22 were appropriate for date infants (AFD) of 26 to 37 weeks of gestational age and mean birth weight was 1896 gm (ränge 876 to 2480 gm). Gestational age was ässessed by the last menstruation and verified by DUBOWITZ score [4] . Blood samples were taken at birth, within 24 hours after delivery (cord blood from full-term infants and capillary blood from LBW)^ and on the 7th and 30th postnatal days (capillary blood). All infants were clinically well at the time of the test. Eight adults, 25 to 35 years-old, were healthy volunteers of our rnedical staff. Capillary blood was used for total leücocyte counts and differential counts. Lymphocyte blastogenesis was ässessed by our modified whole blood method [17] , which is reproduced here briefly. Seventy-five μΐ of blood was taken in duplicate into a heparinized capillary tube, which was centrifuged at 5000 rpm for 5 minutes and cut off, just below the buffy coat. Then, the buffy-coat and plasma (buffy-coat fraction) were blown out to l ml of RPMI 1640 medium containing 30% of heat-inactivated fetal calf serum (PCS) with or without PHA-P (Difco) to a final concentration of 15 μΐ/ml. This method has an advantage to avoid the contamination by red blood cell ghosts interfering the estimation of thymidine uptake. After incubation for 48 hours at 37 °C under 5% C0 2 , 3 H-thymidine (The Radio-chemical Center, Amersham, Sp. Act. 5 μΟ/μΜ) was added and additional incubation was done for 24 hours, then the radio-activity was counted. Statistical analysis was carried out by t-test. Correlation between spontaneous blastogenesis (y dpm) and gestational age (x weeks) was calculated from the results of AFD at birth. Experiment 2. Thirteen full-term healthy neonates and 5 healthy adults were examined. MNL were obtained from 15 ml sample of cord blood and 20 ml sample of adult blood by Ficoll-Hypaque density gradient centrifugation. Interphase cells were utilized s MNL fraction or further Separation, for which the cell concentration was adjusted to 5 X 10 6 /ml with RPMI 1640 medium containing 30% FCS. Six ml of aliquots were incubated in 90X15 mm plastic culture dishes (TERUMO, Tokyo) for l hour at 37 °C under 5% C0 2 . Non-adherent cells in the Suspension were used for further depletion of monocytes by the column method of JULIUS [8] . Approximately 50% of the cells were recovered in the eluate and the monocyte were identified by peroxidase and Giemsa staining. Mononuclear cell count in each fraction was adjusted to 2.5 X l O 5 /ml, then they were incubated with or without PHA s mentioned above.
Results
Experiment 1. 1) SBL from all neonates was much greater (Fig. 1) than that from adults (615 ± 225 dpm, mean ± SE). 2) SBL from AFD at birth (20779 ± 4233 dpm, p < 0.005) and on 7th day of age (6504 ± 671 dpm, p < 0.025) was significantly greater than that from normal full-term neonates (7370 ± 1219 dpm at birth, 4526 ± 419 dpm on 7th day). 3) In neonates with IUGR, SBL was significantly less (2991 ±731 dpm, p < 0.025, at birth and 2462 ± 329 dpm, p < 0.001, on 7thday) than in normal full-term neonates. 4) On 30th day of age, however, no significant difference was seen among the full-term, AFD and IUGR neonates. 5) SBL from AFD at birth was reversely correlated to the gestational age (r = -0.76, the regression equation: y = -4115 χ + 156341, Fig. 2 ). 6) There was no significant difference in lymphocyte counts among full-term, AFD and IUGR infants at the corresponding postnatal ages. Average lymphocyte counts were 3400/mm 3 at birth, 4900 on 7th day, 5800 on 30th day, but 2900 in adults. PHA-induced blastogeneses showed no significant difference among full-term, AFD and IUGR neonates at any time, but they were all significantly greater than that of normal adults ( Fig. 1) , and increased with postnatal age. Experiment 2. The number of monocytes were 4-8% (adult), 5-15% (cord blood) in buffy-coat fraction, 18-29% (adult), 25-35% (cord blood) in MNL fraction and 0.3-1.0% (adult), 0.5-2.0% (cord blood) in monocyte-depleted fraction. Spontaneous uptake of 3 H-thymidine by the buffycoat fraction, MNL fraction and monocytedepleted fraction of cord blood from full-term neonates was 9781 ± 1740, 12010 ± 2278 and 7231 ± 1452 dpm, respectively (Fig. 3 ). They were all significantly greater than those from adults' blood (1181 ± 105, 1715 ± 327 and 774 ± 147 dpm, respectively). SBL from cord and adult blood was not significantly reduced by monocyte depletion. Lymphocytes in the buffy-coat fraction proliferated less than in the MNL fraction. PHA-induced 3 H-thymidine uptake by the thfee fractions from cord blood was always greater than that from adult blood (Fig. 3) . PHA-induced blastogenesis of monocyte-depleted fraction from cord blood was reduced only by 16.2 ± 14.1% s compared with MNL fraction, but that of adult lymphocytes was decreased significantly (-68.3 ± 5.8%, p > 0.025). Buffy-coat fraction showed the greatest response to PHA Stimulation both in cord and adult blood.
Discussion
Lymphocyte blastogenesis in normal newboiii infants is always greater than in later stage or adults [12, 15] , resulting from imm turity of immune and haematopoietic Systems [11, 15] . On the other hand, no consistent results were reported in LBW. PRINDULL [14] found a greater spontaneous and PHA-induced blastogenesis of lymphocytes from neonates 28-34 weeks of gestational age than from full-term neonates, while WIERSBETZKY et al. [18] and JONES [9] found no significant difference in blastogenesis among infants with different gestational ages. However, the present experiment revealed the reverse correlation between SBL and gestational age in AFD at birth. Such inconsistency could be derived partly from the fact that in the experiments other than ours they did not classify LBW into AFD and IUGR. As shown in Fig. l , the greater SBL in AFD at birth became markedly reduced on the 7th day but still higher than that from full-term infants. Then, on the 30th day there was no significant difference between AFD and full-term infant. At this time of age, the lymphocytes from LBW and full-term infants proliferated to the same extent äs those from adults when expressed äs a Stimulation index (PHA-induced/spontaneous blastogenesis). As one of the reasons for the greater SBL in less matured infants, we anticipated the effect of monocytes, but the depletion of monocytes did not affect the spontaneous blastogenesis of either neonatal or adult lymphocytes much. Recently, many colony forming cells were found in cord blood [7, 11] . These stem cells might be attributed to a higher response in less matured infants and the cells might decrease in number and/ or cease their proliferation during maturation. On the other hand, impaired cellular immunity associated with IUGR was widely recognized [1, 3, 6] and attributed to the reduced number of Tcells in peripheral blood [l, 2, 5] due to foetal malnutrition. FERGUSON [6] reported in his transverse study the reduced proHferative capacity of lymphocytes with PHA upto 5 years of age. In our longitudinal study, however, no impairment of lymphocyte response to PHA was found in IUGR infants either at birth or 30th day of age. On the contrary, SBL was significantly reduced in IIJGR infants at birth but retumed to normal on 30th day, suggesting that enhanced or reduced SBL in neonatal period might depend on the number of colony forming cells, which might be reduced (AFD) or increased (IUGR) in number by the 30th day of age, then SBL converged to the same level äs in full-term infants. In Experiment 2, the greatest response of lymphocytes to PHA was obtained by buffy-coat fraction from both neonates and adults. This could be ascribed to the contamination of autologous serum [16] , erythrocytes and/or granulocytes other than monocytes [10] . WILSON et al. [19] stated that depletion or addition of monocytes had similar effects on the response to Concanavalin A (Con A) of lymphocytes from either neonates or adults. In our study, however, PHA-induced blastogenesis was significantly reduced in adult blood when monocytes were depleted, but not so in cord blood. POTTER et al. [13] described that PHA response of lymphocyte was greatly reduced when monocytes were depleted to 1.4 ±0.4%, and the optimal response was obtained in the presence of 2-5% monocytes. In our experiments, monocytes remained äs much äs 0.3-1% in the monocytedepleted adult blood and 0.5-2% in the cord blood. Even such slight difference in number of monocytes might have an effect on PHA Stimulation. On the other hand, WOLF et al. [20] reported the Inhibition of PHA Stimulation on adult lymphocytes with the supernatant of cultured media of monocytes from cord blood. At present, the effect of monocytes on lymphocyte blastogenesis is controversial and remains to be studied further.
Summary
To elucidate the effect of intrauterine life on the immune response of newborn infants, we have studied spontaneous and phytohaemagglutinine (PHA>induced blastogenesis of lymphocytes from 23 normal full-term neonates, 40 low birth weight infants (LBW), of which 18 were intrauterine growth retarded (IUGR), and 22 were appropriate for date (AFD), and 8 adults. As a follow-up study of infants blood samples were taken at birth (cord blood or capülary blood), on the 7th and the 30th day (capillary blood) into heparinized capillary tubes, which were centifuged and cut off just below the buffy-coat portion. The buffy-coat and plasma was blown out to RPMI 1640 medium with or without PH A (15 Mg/ml). After preincubation period, 3 H-thymidine (Sp. Act. 5 / ) was added and additional incubation was done at 37 °C for 24 hours under 5% CO^. Thirteen full-term healthy neonates and 5 healthy adults were examined to elucidate the effect of monocyte o n the lymphocyte blastogenesis. Mononuclear leucocytes (MNL) fraction was obtained from cord blood or venous blood (adults) by Ficoll-Hypaque density gradient centrifugation, then this MNL fraction was purified further by adhesion and column chromatography. Spontaneous blastogenesis of lymphocytes from all neonates was much greater than that from adults (Fig. 1) . Spontaneous blastogenesis in AFD at birth and on the 7th day of age was significantly greater than in normal fullterm neonates, but significantly less in neonates with IUGR than in normal füll term neonates (Fig. 1) . On the 30th day of age, however, no significant difference was seen in full-term, AFD and IUGR infants. Spontaneous blastogenesis was reversely correlated to the gestational age (r = -0.76) in AFD and birth (Fig. 2) . PHA-induced blastogenesis showed no significant difference between full-term, AFD and IUGR neonates at any age, but they were all significantly greater than that in adults (Fig. 1) . PHA-induced blastogenesis in all infants was increased with postnatal age. Spontaneous blastogenesis of lymphocytes from cord and adult blood was not significantly reduced by the monocyte depletion. In contrast, PHA-induced blastogenesis of monocyte-depleted fraction from adult blood was significantly reduced, but that from cord blood was not reduced so much (Fjg. 3) . The enhanced Spontaneous blastogenesis in AFD newbom infants and the reduced one in neonates with IUGR might be due to the number and function of colony forming cells and may return to normal level by 30 postnatal days. At present, the effect of monocyte ön lymphöcyte blastogenesis is controversial and remains to be studied further.
Keywoids: Appropriate for date (AFD) infant, gestational age, intrauterine growth retardation (IUGR), lymphöcyte ' \ blastogenesis, monocyte depletion, newborn infant, phytohaemagglutinin (PHA). fig. 1 ). La blastogenege spontanee chez les enfants AFD ä la naissance et ages de 7 jours etait significativement superieure a celle chez les nouveaux-nes normaux ä terme, mais significativement inferieure chez les nouveaux-nes avec IUGR par rapport aux nouveaux-nes normaux a terme ( fig. 1 ). Le 30eme jour cependant, il n'apparaissait plus de difference significative entre les enfants a terme, les AFD et les IUGR. La blastogenese spontanee etait inversement proportionnelle a Tage gravidique (r = 0.76) chez les AFD ä la naissance ( fig. 2 ). La blastogenese induite par PHA ne montrait pas de difference significative entre les enfants a terme, les AFD et les IUGR quelque soit Tage, mais eile etait significativement superieure par rapport ä celle des adultes ( fig. 1 ). La blastogenese induite par PHA augmantait avec Tage postnatal chez tous les enfants. La blastogenese spontanee de lymphocytes dans le sang ombilical ou adulte n'etait pas significativement reduite par la pepletion monocytaire. Au contraire, la blastogenese induite par la PHA dans la fraction sans monocytees du sang adulte etait significativement reduite, alors que celle du sang ombilical ne l'etait pas autant ( fig. 3 ). La blastogenese spontanee augmentee chez les nouveauxnes AFD et celle reduite chez les nouveaux-nes a IUGR est probablement liee au nombre et la fonction des cellules formant des colonies et peut retoumer a la normale au 30eme jour postnatal. L'effet de la blastogenese lymphocytaire sur la monocytaire est controverse et reste a etudier.
